Abstract: Texture features of histopathological images of lung carcinoma have been evaluated using gray level co-occurrence matrices and multiwavelets. The investigation is done from a pathological perspective resulting in optimum subset of features for classification.
Introduction
Lung cancer is categorized as the leading cause of mortality in cancer related losses. Histopathological images of non-small cell lung cancer which accounts for 85% of the lung and bronchus related carcinoma [1] are used for the current study. A comparative study of features extracted from tissue images is done to determine the feasibility of automatic classification and statistical parameter calculation. Usage of automatic computer methods gives immediate and consistently accurate results in comparison to human intervention. Image data representation is the most important task for any computer algorithm based processing. The representation is a way of simulating the human visual system of pattern classification. Statistical texture descriptors like co-occurrence matrices and multiwavelets (MW) have been successfully used in many real and artificial datasets. The merit of measures of the variability in the tissue images at various scales or orientation or in different domains is evaluated.
Two feature sets based on multiresolution analysis and repetition of patterns are used to evaluate the content of classification information. Gray level co-occurrence matrices (GLCM) capture the spatial relationship between the number of occurrences of two gray levels separated by a distance d. The MW method uses multiresolution analysis to break down the image into coarse to fine resolution images and extracting energy and entropy information. GLCM and MW features were used for grading of prostrate tissue images previously [2] , but to this date there are no studies on feature analysis of lung tissue images. Lung tissue images are inherently different from the prostrate tissue images because cells in lung tissue images are tubular compared to the irregular shape in the prostate cancer tissue. Microscopically, lung tissue images present an abundant cytoplasm with prominent nucleoli. The presence of chromatin gives the nucleus a rough texture. In general, the nucleus appears scalelike because of the squamous architecture [3] . . Five categories of GLCM based texture matrices are considered: contrast, correlation, energy, entropy and homogeneity. The area under the receiver operating characteristic curve (AROC) is evaluated for each test case strategy to measure the levels of sensitivity and specificity of the computer aided diagnosis system (CAD). 
Feature Selection and Classification
Theoretically, the coarse level images generated by MW will not produce any credible information about the cellular content which is at a fine level. Hence there is a need for feature selection, thus eliminating redundant input features for instance based classifier. Feature selection has been extensively investigated previously [5] and it was suggested that wrapper based selection is more stable and accurate even though it is much slower than filter based selection. Bayesian classifier is used as an induction algorithm for the wrapper because the final evaluation is done using the same classifier. Leave-one-out (LOO) and k-fold (k = 5) strategies are used to train and test the learning algorithm.
For features based on angle orientations, it is suggested to also test the average of the features which are invariant under rotation [6] . Hence, the average of the four angle based features is also considered as a feature set (Table 2) . Fig.3 . In case of individual categories of GLCM, no feature selection is used because of less number of available features. GLCM based energy and entropy features are representations of uniformity and disorder respectively [7] . The strong presence of nucleoli and pleomorphic nature of nuclei decreases variation of energy and entropy, thus reducing the ability to classify. This implies the correlation will be high because of the similarity between nonhomogeneous and ordered architecture of the cells. Homogeneity and contrast parameters have proven to be next best to correlation parameter because of the different differentiation of cells between normal and abnormal cases. The MW energy and entropy features are representations of different frequency components of the image at different resolution. The measure of randomness by entropy along the frequency axis in different scale and orientations proved to represent the nucleus texture better. Extraction of the features also resulted in estimation of statistical parameters like homogeneity and contrast which can be used for staging of cancer. This study presented various methods and their subcategories of feature extraction process and their applicability towards automatic classification. Not all features presented enough biological information needed for distinguishing different classes. Multiwavelet features because of the inherent properties like orthogonality and symmetry proved to be robust at achieving the highest accuracy. The short comings of each feature category are discussed from a pathology perspective. 
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